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Abstract: The paper presents the mineralogical characteristics of garnets (andradite and grossular) of the
Sasa ore field. Investigations were carried out in the Institute for Crystallography and Petrography in Zurich, Switzer-
land. and in the laboratory of the Faculty of Mining and Geology, Stip.
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INTRODUCTION

The area comprising the Sasa ore field is
made up of schistose mica granitoporhyries, quartz
diorite-plagiogranite, quartz latites, graphite and
phyllite schists, cipolines and skarns.

Skarns are linked with the major fault zones
and the Svinja Reka and Kozja Reka districts.
They occur in a series of quartz graphyte schists
and cipolines.

The minerals formed during the skrans stage
include bustamite, augite, diopside, ilvaite, heden-
bergite, johansenite, rhodonite, actinolite, garnets-
grossular, andradite.

Detailed data of the petrographic composition
of the rocks and ore occurrences have been re-
ported by Radusinovic (1952), Penderkovski
(1962) and Bogoevski (1962), (1964). The Institute
for geological and mineralogical and nuclear inves-
tigations and mineral resources in Belgrade pub-
lished a project analysis about the mineralogical-
petrological-genetic, geochemical and structural
studies of the Sasa-Toranica ore field. Garnets
were first found by Bogoevski (1964), Barié¢
{1972), §_ijak0va-lvanova (1989) and Aleksandrov
(1992).

Andradite

Andradite occurs in mono-mineral aggre-
gates, horizons VIII/5, I11/3, XIIb/2, XIIb/3 and
other ore bodies. It is dark red in colour. Its luster

Is vitrious. Hardnes is 7.32 and specific gravity
3.95. A look with naked eye at larger crystals
shows that they are built of icositetrahedron planes
(Figs. 1 and 2). Figure 3 shows the crystal habit of
andradite. Occasionally it is affected by sulphide
replacement that forces or cements it. (Aleksan-
drov, 1992).

Under a microscope idiomorphic crosscuts can
be observed. The crystals are unisotropic. Zonar
composition is descernible. It possesses a high re-
lief. Refraction idex exceed 1.740 (Figs. 4 and 5).

&

Fig. 1 Andradite grains of the Svinja Reka deposit,
Sasa ore field (x 15)
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Fig. 5. Microphotograph of andradite and calcite II N,
Fig. 2. Andradite grains of the Svinja Reka deposit, (x 50, II N ) of the Svinja Reka, the Sasa ore field.
Sasa ore field (x 30)

Table 1 indicates that the Sasa andradite is rich
in manganese. Other skarn minerals in Sasa also en-

solusions that made contact metasomatic processes

available were rich in manganese. However, it is
\ ’ also likely that parental rocks (quartz graphyte
schists and cipolines) were rich in manganese.

‘“ riched in manganese are ilvaite, rodonite, bustamite,
/‘n‘ johansenite and actinolite. This is highly likely that

Table 1
Chemistry of andradite of Sasa
i 2 3 4 3
Si0, 35.83 35.75 35.74 35.98 3491
TiO, - - . -
AlLOs - - - - 0.69
Fe, 05 30.60 30.60 29.86 30.34 30.40
MnO 2.95 2.96 3.38 2.81 -
MgO 0.14 0.15 0.26 - 0.58
CaO 30.79 30.56 30.72 30.84 33.20
Total 100.51 100.25 100.18 100.18 99.9_7
s =T ok Aot et
Si 303 303 303 305 295
Al - - - 0.05
T site 3.03 3.03 3.03 3.05 3.00
Ti ~ o L
Fe’* 1.95 1.95 1.90 1.94 1.94
O site 1.95 1.95 1.90 1.94 1.94
Mn 0.21 021 0.24 0.20 -
Mg 0.02 0.02 0.03 - 0.07
Ca 279 2.78 2.79 2.81 3.01
A site 3.02 3.01 3.06 3.01 3.01
(0] 12 12 12 12 12
Fig. 4. Microphotograph of andradite and calcite, (x 50, N+) 1, 2, 3 and 4 are of Svinja Reka, XIIb/3, Sasa
of the Svinja Reka, the Sasa ore field. 5. Andradite of Reskovitka Reka, Yugoslavia (Mayer, 1954)
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X-ray diffracrion analysis

X-ray diffraction analyses were carried out
with a Philips difractometer. Copper anticatode
with nickel filter was used in conditions of 40 kV
and 20 A. D-values obtained are consistent with
literature data card JCPDS 10-288. The results ob-
tained are as follows: d: 3.021 (6) — 2.713 (10) -
2.562 (3) -~ 2.457 (5) — 1.955 (3) - 1.667 (2) -
1.654 (1) - 1.611 (6).

Grossular

Grossular occurs in horizons VII/22, VI1/23,
VIS, /3, 11I/5, TVb/1, XII/1 etc. mainly with
bustamite, and seldom with bustamite and ro-
donite. It occurs in well developed crystals that are
finer than those of andradite being commonly in-
complete (Fig. 6). It is honey yellow in colour.
Lust if vitrious. It is transparent and isotropic un-
der a microscope. Chemistry of grossular of Sasa is
show on Table 2. Table 3 shown Molecular per-
centages of end members of the group. Threecom-
ponent diagram of andradite-grossular-spessartine

isi shown on Fig 7.

Chenustry of grossular of Sasa

1 2 3
" sio, 39.310 38.532 37.111
TiO, 0.283 0.363
AlLO, 22.115 20,718 22.521
Fe,0; 0.536 3112 3097
FeO 0.423 0.423 0.423
MnQ 0.568 0.632 0.541
MgO - 0.210 =
Ca0 37.156 34.516 35312
Total
Si 2.951 2.981 2.829
Al 0.049 0.019 0.171
T site 3.00 3.00 3.00
Al 1.906 1.868 1.851
Fe* 0.054 0.206 0.209
Ti 0.016 . 0.021
O site 1.976 2.074 2.081
Mg - 0.024 =
Mn 0.036 0.041 0.035
Ca 2.988 2.861 2.884
A site 3.024 2926 2919

1,2, and 3 grossular, Svinja Reka — south XII B/1 Sasa
]
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Table 3
Molecular percentages of end members
of the group

1 2 4

Almandine = = -
Andradite 2.74 9.91 10.05
Grossular 96.07 87.84 88.75

Pyrope - 0.83 -
Spessartine 1.19 1.42 1.20

1, 2, and 3 grossular, Svinja Reka ~ south XII B/1 Sasa

Fig. 6. Grossular grains of the Svinja Reka deposit,
Sasa ore field, (x 20)

Spess

And Gross

Fig. 7. Threecomponent diagram of andradite-grossular-
Spessartine in the skarns of Sasa
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X-ray diffraction studies

X-ray difraction studies were carried out with
Philips diffractometeer. Copper anticatode with
nickel filter was used in conditions of 40 kV and
20 A.

Results obtained are consistent with literature
data and JCPDS 3-801 cards.

The results obtained are as follows: d: 3.126
(45) - 3.045 (12) - 2.761 (45) — 2.511 (16) — 1.955
(3) = 2.379 (6) — 1.993 (6) — 1.961 (41) 1.937 (6) —-
1.697 (9) 1.673 (20) - 1.633 (20).

CONCLUSION

Andradite and grossular of the Sasa ore field
were formed during skarn stage at about 800 °C
simultaneously with the development of bustamite.
Andradite included the excess manganese oxide in
its lattice that remained after the formation of
bustamite, whereas the total of Al,O; was included
in grossular.

It should be pointed out that andradite is prac-
tically difficient in Al,Os. It can be said that it is
pure andradite.

It is likely that andradite developed with the
accession of Fe,O; and Si0O,. 3CaCO; + Fe,05 +
Si0; = Ca3Fe;Si050,, + 3CO,. Nevertheless, this
process took place with no volume changes but
with loss of CO, (Vermas, 1952).
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MHCTHTYT 3a TeONOIIKO-PYyIapCKU HCTPaXkyBara U HCIH-
TyBawba Ha HyKJICApHUTE U JIPYTH MHHEPAIHH CypOBH-
uu, Beorpan, 1975: Eaabopaiii 3a MuHepasoutko-iie-
[PONOWKO-2eHelICKUIle, ZeOXeMUCKULLe U CUPYK-
{ypHuine usyuyesarba na pyouoiio tiose Caca-Topa-
HULaA.

JCPDS 3-801.

JCPDS 10-288.

Peszume

MUHEPAJIOIIKY KAPAKTEPCTUKH HA AHJIPATIUT U TPOCYJIAP
O PYJHOTO OJIE CACA

Tena lllujakosa-MBanosa, Becna 3ajxona-Tlanesa

'Pyoapcko-zeonowxu paxyaitieiti, Ynusepauiieii ICs. Kupua u Meitiooujs,
Toue Heaqes 89, MK-2000 lliuud, Peity6auxa Maxedonuja

Kotyunu 360poBu: aHpaguT; rpocysiap; CKapHOBCKH MIHEPAIH; HKOCHTETPAENPH; pOMGOIeKaeapH

Amnppaguror of Caca ce nojaByBa BO MOHOMHHC-
panuu arperatu. ITo 6oja e Temuo upsen. CjajHoct nma
crakiecra. Kaj MOKpyIHHUTE KPUCTAIU CO TONO OKO MOXKE
fa ce BUJM JIeKa Ce U3rpaicHH OF HKOCHTETPAC/lapCKu
pamuuny. ITog MUKPOCKONM MOXKaT fla ce BMAAT UIHO-

mMopdun npeceiy. O ONpefeNennoT XeMUCKH COCTaB MO-
Ke J1a ce BUMI JieKa Toj e 36oraTeH co manran. Co MaHTaH
ce 300raTeHn M pYruTe CKApHOBCKH MUHepanu o Caca:
WIBAUT, POJIOHHUT, GYCTAMUT, JOXaHCCHHT W AKTHHOIMNT.
OBa nokaxysa jieka pactonute (pacTBOpUTE) KOU H3IBP-
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yie KOHTAKTHA MeTacoMaTo3a BepojBaTHo Guiie Goratu
co Manrad. Mefyroa He ce MCKIy4yBa M MOXHOCTa Ma-
THUYHHTE Kapiy (KBapU-rpaduTHYHA TIKPUIIHE K IBTIOJH-
HH) fja 6miie 300raTeHy CO MaHraH.

['pocynapoT ce jaByBa peuMCcH DEfOBHO co Gycra-
MUT, 4 10CTa PETKO 3aeiHo co OycramMut M pononnt. Ce
mojaByBa BO 0GP0 0hOpMEHN KPUCTAITH KOH CE MOCHTHA
Off KPUCTAJNTE HA AHAPAAUTOT M KOU HajuecTo Ce Heloo-
dopmenn. Tlo 6oja e MefecTo xonT. CjajHOCT MMa CTaK-
mecTa.

Pennrencko nudpaklIHOHUTE MCINTYBamba CC Ha-
nipaBenn co ®ummncos pudpakTomerap. Ynorpedena e
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faxapHa aHTHKATOA CO HUKENEH (uirep, IIpU YCIOBH Off
40 kV 1 20A.

PesynTaTHTe Of OBHE MCIIUTYBamba Ce BO nobGpa co-
[JIACHOCT CO JIUTePaTypHUTE MOAATOLHM MTPE3CHTUPAHA BO
Deer, Howie and Zussman (1982). kako u JCPDS 3-801,
JCPDS 10-288.

AHIPaJUTOT | rpoOCyIapoT ojf pyarorto nose Caca
ce CO3[laBaHi BO CKapPHOBCKMOT cTafnyM Ha okoiy 800 °C
IIapaneiHo €O CO3[aBameTO Ha OyCTaMUT. AHADaguTOT
IO BKJIOIYBa BUIIOKOT Ha MaHIaHOB OKCHJl BO CBOjaTa pe-
IIeTKa, KOj OCTaHyBa 10 CO3/laBakeTo Ha OycTaMuT, lofie-
Ka menarta KonuuynHa Ha AlO; € BrpajieHa BO rpocynap.




